Eidgendssische Technische Hochschule Zirich
Swiss Federal Institute of Technology Zurich

Portfolio Optimization
with R/Rmetrics

Diethelm Wirtz
Yohan Chalabi, Andrew Ellis, Martin Hanf

ETH Zurich, Rmetrics Association, Finance Online GmbH

Thanks to
William Chen, Alexios Ghalanos, Francisco Gochez,
Dominik Locher, Stephan Theussl|

useR! Conference
Rennes, July 2009

Chicago, April 2009 Www.rmetrics.org



Eidgendssische Technische Hochschule Zirich h e r 1
Swiss Federal Institute of Technology Zurich "

.

Portfolio Optimization Problem
... return, risk, performance ratio

For a given set of financial assets let us find the composition

1) which minimizes the risk for a given return (reward),
2) which maximizes the return for a given risk,
3) which optimizes a reward/risk performance ratio,

4) which finds the global minimum risk,

subject to certain constraints and preferences.
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Stone 1973

y are the financial returns,

1/k
|y — Yolkf(v) dv) f () their multivariate distribution
: T A, Yo, and k parameters

A

Rs[Yo, k. A](f) — (/

—00

Rsp(f) = Rslity, 2, 00](f) Rssp(f) = Rs[u,. 2, 01(f) Includes:
Rsine(f) = Rs[jey, 2, 017 (f) Re_:(f) = Rs[t, o, 1]°(f) Mean - Covariance Risk
Mean - CVaR Measure:
Pederson and Satchell 1998 k=L A=VaR Yo =0
A Y
R[A. b, a, 0, W(-)]= |:foo v —=bI*W[F ()] f () dy:| for some bounded function W ()

(BP1) (Nonnegativity): R[v]>0.

(BP2) (Homogeneity): R|AV]|=|A| R|V] for A= 0.
(BP3) (Subadditivity): R[y; + v2] < R[V1]+ R[y2]-
(BP4) (Shift-invariance): R[y + 1] < R[y] for all x.

Artzner, Delbaen, Eber, Heath 1999

(ADEH 3)  (translation invariance) R(X +¢)=R(X)-c forallc ... this makes a coherent risk measure

(ADEH 4) (monotonicity) X<Y = R(Y) £ R(X).
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Functions:
covEstimator
kendallEstimator
spearmanEstimator
mcdEstimator
mveEstimator
covMcdEstimator
covOGKEstimator
shrinkEstimator
baggedEstimator
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Copulae Lower Tail Risk Dependence Budgets
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(not yet fully implemented)
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